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OVERALL ASSESSMENT OF THE GUIDANCE entitled “BA and BE studies for orally 
administered drug products-General considerations”. 

This guidance incorporates a large number of new and innovative ideas for the conduct of 
BA,BE studies. Since these changes will impact on the results of BABE studies, it is 
worthwhile evaluating carefUlly the scientific rationale underlying these new concepts. 
Several comments are included in the following document in order to put these new ideas 
into perspective and hopefUlly improve the proposed guidance. 

For clarity purposes, we will address some of these new concepts included in the guidance 
point by point. 

Comment No. 1 

III. PvaiTHODS TO DOCUMENT BA AND BE 

A. Pharmacokinetic studies 

4. Replicate study design 

The actual guidance proposes that: 

Replicate study design (see section Iv) are recommended for all BE studies using 
pharmacokine tic measurements with the following exceptions: . ~^_ ^ Fib ,IYI+,..*.-, II__,.i,.iX-f.,Sl.ll,i... -._ 

Proposed change: 

Replicate study design (see section Iy) are recommendedfor BE studies 
involving drugs associated with large within-subject variability, using 
pharmacokinetic measurements with the following exceptions:. 

Rationale: 

Replicate study designs are proposed for drugs with large within-subject variability. 
Indeed, statistical models can be developed for studies with a replicate design to 
differentiate within-subject variability independently of inter-subject variability, intra- 
subject variability due to switchability, and residual variability. In non-replicated 
studies, all these sources of variability are confounded to some extent. For drugs 
associated with a small within-subject variability, the impact of confounded variances 
is minimal on the conclusion of BE studies and does not support the mandatory use of 
a replicate design. 
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Comment No. 2 

III. METHODS TO DOCUMENT BA AND BE 

B. Pharmacokinetic studies 

5. Study population 

The actual guidance proposes that: 

An attempt should be made to admit as heterogeneous a study population as 
possible, with a reasonable balance of males andfemales, young and elderly, 
and members of d@erent racial groups. 

Proposed change: 

Remove entirely this sentence. 

Rationale: 
. . 

. It is very important to characterize the clinica! pharmacology of new drugs in as many 
different sub-populations as possible. However, the purpose of such studies in the BE 
context, would merely consist of the detection of the subject by formulation 
interactions in some of those sub-populations. Although this is worth assessing, studies 
should not be designed to include all these sub”-‘~ol%ations at the same time. 

1: 

2. 

3. 

4. 

Mixing sub-populations will increase inter-subject variability and may prevent 
accurate characterization of the pharmacokinetics of the drug formulations in 
these separate sub-populations. It seems more reasonable to characterize the 
pharmacokinetics’of drugs separately in each sub-population in order to get 
robust results. 
Mixing sub-populations will also increase the risk of detecting muti-modal 
distributions among the pharmacokinetic parameters. Consequently, statistical 
analysis will have to deal with major issues concerning transformation of multi- 
modal distribution of PK parameters 
If replicate designs are to be used, it is likely that multiple groups will be 
required in order to complete the panel for a BE study. The increased inter- 
subject variability within the groups will also increase the chances of detecting 
a group effect preventing merging of the data necessary for the complete 
pharmacokinetic and statistical analysis of the data. 
Selection of alternates will also be complicated by the number of combinations 
possible due to the inclusion of subjects from three to four sub-populations. 
These subjects will also have to be matched for sequences according to 
potential dropouts. This is again creating a significant burden if replicate 
designs have to be used due to the number of sequences possible. 
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5. The assumption of time-independence behavior in the elimination of a drug 
may not be valid in some subgroups, and will have to be dealt in a special 
manner. Elderly people may present a renal or a hepatic tinction that changes 
with time. Women may be given a drug that is eliminated trough an enzymatic 
pathway dependent on the menstrual cycle. 

6. Volume of blood withdrawn during studies with a replicate design may become 
of concern in some sub-populations such as elderly and women. 

7. The inclusion of elderly people free of any medication will be challenging. If 
elderly persons on current medications are to be included, complete 
management of drug compliance will be required for the entire duration of the 
study (which can be as long as two months for replicate designs). 

8. On a logistic point of view, it may become impossible to conduct BE studies in 
man, woman, and elderly people at the same time. If studies have to be 
conducted on different days, more complex statistical analyses will be needed. 

Please see additional comments on page 14 regarding statistical issues related to this 
topic. 

Comment No. 3 

III. 

A. 

METHODS TO DOCUMENT BA AND BE . _ 

Pharmacokinetic studies 
‘,., -I- ̂I . . . .I _ +A,. ir-J..‘,*.vlx, Cl 

8. Pharmacokinetic Measures of Systemic Exposure 

The actual guidance proposes that: 

K+is guidance therefore recommends a change in focus from these direct or 
indirect absorption rate measurements to measurements of systemic exposure. 
The change in emphasis allows continued use of Cmax and A UC as product 
quality BA and BE measurements . as follows. 

a. Early exposure 

Early exposure in a product quality BA study can be assessed by measuring the 
partial area under the concentration time profile curve with a cutoff at the peak 
time (Tmax) of the drug. To establish BE, the partial AUC is truncated at the time 
of the peak of the reference formulation in each subject. 

Comments on this new concept: 

The guidance proposes that we compare reference and test formulations using up to 
three parameters (AUCO-T~~~, Cmax, and AUG.&. The purpose of a BE study is to 
compare two formulations in terms of their rate and extent of absorption. In 
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pharmacokinetics, these processes are described by the parameters Ka (absorption rate 
constant) and F (bioavailability). Since individual pharmacokinetic analysis using 
compartmental methods is very susceptible to noise in a data set, pharmacokineticists 
have used the noncompartmentally derived parameters AUCo.id (extent of absorption) 
and the Cmax (rate of absorption). However, Cmax is limited in its ability to describe 
the rate of absorption of a drug. In addition, its value is determined by a single 
concentration-time point making it susceptible to experimental error. 
Calculating a partial area under the concentration-time profile curve with a cut-off at 
the Tmax of the reference product is proposed in the new guidelines. Unfortunately, 
this calculation will not give accurate results in the following instances: 

. 1. The drug is associated with a lag-time before the absorption process starts. 
This is very common with orally administered drugs, so much that it is usually 
not appropriate to determine the pharmacokinetics of a drug with 
compartmental methods not taking into account this parameter. Drugs 
associated with a significant lag-time usually demonstrate a very large within- 
subject variability in this parameter (ex. cyclosporine, omeprazole) but not 
necessarily in the absorption parameters themselves (Ka). With drugs 
associated with a lag-time, giving the same drug formulation to the same 
individual will result in a different Tmax. 

2. The guidance proposes the use of i%lly replicated designs. In such studies, 
Tmax may not be similar between periods for the same formulation. 

3. Drugs with multiple absorption peaks will obviously cause problems in 
determining the Tmax to be used for the partial AUC calculation. I. .,*.. I.~_..i~..,~c~c _<-, il-$-*ai .n,,o. , I.-l,.W.*,;2i,ri”i - 

4. Modified release drugs can present very variable Tmax even though plasma 
concentrations are nit variable. Consequently, large intra and inter-subject 
variability will be observed in the Tmax value used for the calculation of the 
AUC. 

5. The sampling schedule will clearly dictate exactitude of the data obtained. 
Indeed Tmax is not an independent variable, but dictated by the protocol and 
therefore is the partial AUC. 

In view of these comments, we cannot support the proposed partial AUC 
approach. Alternatives based on a similar concept should be tested prior to 
implementation. 

Comment No. 4 

IV. COMPARISON OF BA MEASURES IN BE STUDIES 

The actual guidance proposes that: 

This guidance recommen& that certain in vivo BE studies conductedfor (1) 
INDs, (2) NDAs, (3) ANDAs, and (4) amendments and supplements to NDAs and 
ANDAs be conducted using replicate designs (see sedction III.A. 4). Sponsors 
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may analyze their data using average or population BE criteria (INDs and 
_I 

NDAs) or average or individual BE criteria (ANDAs and supplements to NDAs 
and ANDAs), provided the choice is specified in the study protocol prior to study 
initiation. At the sponsor’s discretion, scaling may be used to judge BE when 
either an individual or population BE criterion is specified. When a replicate ., 
fasting study is infeasible, sponsors are encouraged to contact appropriate 
review staff In specified circumstances, replicate study designs are not needed. 

Comments on this new concept: 

Pharmacokinetic studies used to compare the BE of two formulations A 
and B involve the following types of variability: 

,. 1. The inter-individual variability present with formulation A. 
2. The inter-individual variability present with formulation B. 
3. The intra-individual variability present with formulation A. 
4. The intra-individual variability present with formulation B. 
5. The residual experimental error or noise. 

With ABE, the variability 3), 4) and 5) are confounded in a single 
variability measurement. In addition, contamination of 1) and/or 2) with the 
residual variability is possible. This approach for BE studies increases the 
burden on generic drugs when the reference or both drug formulations are 
highly variable. ._ j ,..; _ * .;“‘I,‘I”C1.. 

With IBE, the intra-individual variability for formulations A and B can be 
estimated preventing the contamination of the inter-individual variability. 
However, the variability 3) and 4) are still confounded with 5). Therefore, 
there is a potential for the variability 3) to be different from 4) not because 
of a difference between formulations, but because of the contamination. 
This is likely to be observed with Cmax, since this parameter is determined 
using only one concentration data-point. Indeed, it remains impossible in a 
given subject to differentiate between residual variability (i.e. analytical 
assay error) and real within-subject variability. 

IBE also allows for an assessment of subject by formulation interaction and 
potential switchability issues. Although data indicate that these effects are 
rarely observed, it may still be of interest to include them in the model in 
order to decrease consumer risk. 

Scaling has been proposed in the guidance as an approach to control for 
variability associated with the reference product. Retrospective analysis of 
studies performed using a replicate design clearly indicated that IBE with 
reference scaling is the favorable approach when the CV of the reference 
product is greater than 25%. IBE is also a favorable approach if variability 
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of the reference product is equal to or greater than variability associated 
with the test product. Finally, IBE with reference scaling decreases 
consumer risk when the test product is more variable than the reference 
product. Thus, observations from data on tile suggests that IBE with 
reference scaling offers advantages when variability of the reference 
product is greater than 25% and when no switchability issue are observed. 

Comment No. 5 

V. DOCUMENTATION OF BA AND BE 

C. Immediate-Release Products: Capsules and Tablets 

1. :. GeneraI recommendations 

The actual guidance proposes that: 

For BE studies for immediate-release dosage forms where the drug 
product contains a narrow therapeutic range drug (see section VT.F), this 
guidance recommends the following: I) where an average BE criterion is 
selected. use of a BE limit of 90-111 percentfor AK’; 2j where an 
individual BE criterion is selected, reference scaling is recommended, 
regardless of the variability of the reference listed drug. In addition, this 
guidance recommen& that the allowable zapper limit be calculated with * ,Ms>,~*:*w*)~Aw. >*~,-~,iAer,~.,., I /. *. 
@=O (i.e., thetal=l.245). 

Comments: 

Drugs listed in section VI.F as narrow therapeutic range drugs were introduced to 
the market several years ago. The notion of risk with these compounds may rather reflect 
a poor understanding of the pharmacokinetics of these drugs at the time they were first 
used. Other compounds have been introduced to the market recently exhibiting 
complicated pharmacokinetics (racemic compounds, non-linear pharmacokinetics, drugs 
metabolized via polumorphically distributed enzymes, drugs with active metabolites, 
etc.. ,). A clear definition of narrow therapeutic range drugs should be provided before 
implementation of this guidance. 

Pharmacokinetics of some of the drugs listed as narrow therapeutic range drugs are 
described by non-linear pharmacokinetics (phenytoin) or are racemic compounds 
containing enantiomers that differ in their activity (warfarin). Determining the BE of 
formulation of a drug displaying non-linear pharmacokinetics is a different but challenging 
issue that should be given consideration at the FDA. We will discuss the case of racemic 
compounds later on in this document. 
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The limit on the acceptable extrapolation of the AUC parameter with the elimination half- 
life should be specified. It is routinely accepted that AUC should not be extrapolated at 
more than 20% of their value with the elimination half-life (i.e. AUCoeT is 80% or more of 
AUCO-iti). The uncertainty associated with the calculation of the AUC is roughly 
equivalent with the percentage of extrapolation (i.e. 20% extrapolation is associated with 
a 20% uncertainty in the calculation of the AUC). Therefore, if one wants to determine the 
bioequivalence of two formulations at a BE limit of 90-l 11, the AUC should not be more 
than 10% extrapolated. 

It can be assumed that narrow therapeutic drugs on the market exhibit small within-subject 
variability otherwise plasma concentrations outside of the therapeutic range would be 
observed regularly. Use of reference scaling in the model for drugs described as narrow 
therapeutic drugs (even for drugs with CV% Iess than 25%) should control for potential 
consumer risk in BE studies with these compounds. Therefore, arbitrary change of the 
confidence interval limits or theta1 in addition to reference scaling should not be required. 

Comment No. 6 

V. DOCUMENTATION OF BA AND BE 

C. Immediate-Release Products: Capsules and Tablets 

1. Exposure measurements 

The actual guidance proposes that: 

At the request of a sponsor or the reviewing division, application of partial A UC as an 
early exposure measurement may be justrfied on the basis of appropriate clinical safety 
an&or efficacy trials andor PIUPD studies (see section III.A.8). 

Comments: 

We have already mentioned the limitations associated with the use of partial AUC 
as an early exposure measurement in the previous pages of this document. Use of the 
partial AUC method does not offer a robust assessment of the rate of absorption of drugs 
in certain instances. 

Comment No. 7 

V. DOCUMENTATION OF BA AND BE 

D. Modified-Release Products 

The actual guidance mentions that: 
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Delayed-release drug products are dosage forms that release the drugs at a time later 
than immediately after administration (i.e., these drug products exhibit a lag time in 
quant@able plasma concentration) . . . In vivo requirementsfor delayed-release drug 
products are similar to extended-release drug products.. 

Comments: 

Most drugs administered via PO administration exhibit a lag-time before the 
beginning of drug absorption. This lag-time may be very short and therefore of little 
overall influence on the Tmax. Lag-time are not only associated with delayed-release drug 
products. This has great influence on the method that needs to be used to characterize 
adequately the pharmacokinetics of a compound. In vivo assessment of BE between two 
drug formulations that exhibit a lag-time cannot be performed reliably using the Tmax or 
the partial AUC (see comment No. 3 for the complete explanation). 

Comment No. 8 

V. DOCUMENTATION OF BA AND BE 

D. Modified-Release Products 

2. ANDAs: BE Studies 

For drugs that exhibit nonlinear kinetics andor drugs designated as 
narrow therapeutic range drugs (see section VI.F), this guidance 
recommenak the following: (1) where an average BE criterion is selected, 
use of a BE limit of 90-111 percent for AUC; (2) where am individual BE 
criterion is selected, reference scaling is recommended regardless of the 
variability of the reference product. In addition, this guidance 
recommends that the allowable upper limit be calculated with ~~“0 (i.e., 
theta1 = I. 245). mere a replicate fasting study is infeasible, sponsors are 
encouraged to contact appropriate review staff 

Comments: 

Two formulations of a drug exhibiting non-linear pharmacokinetics cannot be 
reliably compared in terms of BE with noncompartmental pharmacokinetic approaches 
(i.e. AUC, Cmax, partial AUC). Linear pharmacokinetics is a fundamental assumption of 
noncompartmental pharmacokinetics. The arbitrary setting of a BE limit of 90- 111% for 
AUC for drugs exhibiting non-linear pharmacokinetics is irrelevant and not scientifically 
sound. 
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Comment No. 9 

V. DOCUMENTATION OF BA AND BE 

D. Modified-ReIease Products 

3. Exposure Measurements 

The actual guidance mentions that: 

This guidance recommends that early and total exposure measurements be analyzed in 
single-dose studies for modified-release drug products. 

In addition to all the previously mentioned reasons limiting the usefulness of the partial 
AUC method, the early exposure measurements will not be a robust estimate of the rate of 
absorption of a modified-release drug formulation for the following reasons: 

1. 

2. 

These drugs very often exhibit lag-times before the beginning of drug 
absorption. We have already mentioned the limitations of the partial AUC 
method in this circumstance (see previous comments). 
Concentration-time profiles of modified-release products are frequently 
associated with concentrations changing little over time during the absorption 
process, Timing of the peak cbncentration”~~~“~~highly variable with these 
formulations due to experimental errors associated with any plasma 
concentration. If the Tmax is not adequately characterized, the partial AUC 
method will not be appropriate. 

Comment No. 10 

VI. SPECIAL TOPICS 

B. Moieties To Be Measured 

I. Parent Drug Versus Metabolites 

The actual guidance mentions that: 

The moieties to be measured in BA and BE studies are the active drug ingredients or 
active moiety in the administered dosage form and, when appropriate, its active 
metabolites (2 I CFR 320.24(b) (I) (I)). This guidance recommends the following 
approaches for BA and BE studies. 
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For BE studies, determination of only the active moiety andor active ingredient in the 
dosage form, rather than the me tabolite, is generally recommended. The rationale for 
this recommendation is that the concentration-time profiie of the active moiety in the 
dosage form is more sensitive to changes in formulation performance than a metabolite, 
which is more reflective of metabolite formation, distribution, and elimination. The 
following are exceptions to this general approach. 

Comments: 

The proposed modification in this guidance is scientifically sound. However, a ratio of the 
AUC of a major metabolite over that of the parent compound should be calculated for 
specific drugs. An arbitrary limit should be set based on NDA data in order to determine 
whether the metabolite or the parent compound should be determined in order to establish 
BE. As well, emphasis should be put on the metabolite under conditions where a pro-drug 
is administered orally. 

Comment No. 11 

VII. SPECIAL TOPICS 
i. 

B. Moieties To Be Measured 

2. Enantiomers Versus Racemates 

The actual guidance mentions that: 

For BA studies, measurements of both enantiomers may be important. For BE studies, 
this guidance recommends measurements of the racemate using an achiral assay, without 
measurement of individual enantiomers. However, measurements of individual 
enantiomers in BE studies is recommended when all of the following conditions are met: 
(I) the enantiomers exhibit different pharmacodynamic characteristics; (2) the 
enantiomers exhibit different pharmacokinetics; (3) the primary activity resides with the 
minor enantiomer, defined as having ~20percent of the total of all the enantiomer AK; 
and (4) nonlinear absorption is present (as expressed by a change in the enantiomer ‘s 
concentration ratio with change in the input rate of the drug) for at least one of the 
enantiomers. In such a case, BE criteria should be applied to both enantiomers. 

Proposed changes: 
: _._ : : 

. Condition (4) should be removed since it will be extremely diflkult to prove 
experimentally whether or not enantioselective non-linear absorption is observed using 
noncompartmental analysis. The concept behind condition (3) is sound but the 20% limit 
appears very relaxed (40% would seem more reasonable). As well the guidance should 
indicate whether this value is derived from oral or intravenous administration of the drug. 
BE of compounds meeting conditions (1) , (2) and a modified (3) should be compared in _ 

. 
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terms of the individual enantiomers and not the racemate. Differences in the absorption 
process and/or the first-pass metabolism of different enantiomers may be associated with 
differences in the AUC and Cmax of the total drug concentrations depending on the 
individual formulation performance of the drug. 

Comment No. 12 

VII. SPECIAL TOPICS 

C. Long Half-Life Drugs 

The actual guidance mentions that: 

For BE determination of long half-life drug products, a nonreplicate, single-dose, 
crossover study can be conducted provided an adequate washout period is used. If the 
nonreplicate, crossover study is problematic, a parallel BE study design can be used. For 
a crossover or parallel study design, sample collection time should be adequate to ensure 
completion of the drug product’s gastrointestinal transit (approximately 2 to 3 days) and 
drug absorption. In addition, if the drug distribution and elimination are similar for the 
two products (i.e., intraintersubject variation is low), Cmax and a suitably truncated 
AUC should be used to adequately characterize the rate and extent of absorption. 
Alternatively, whenever intra/intersubject variations in distribution and elimination are 
high, truncated A UCs should result from a similar,.,am,oxnt of truncations for each 
subject s plasma concentration-time curve. 

Comments: 

This paragraph appears to suggest that drug distribution and elimination can be different 
for two products if intersubject variation is high. This concept needs to be demonstrated 
since pharmacokinetic models predict that the same active ingredient from two different 
formulations following absorption will always demonstrate exactly the same distribution 
(i.e. Vc, Vp, etc.. which is different than Vc/F or VP/I;) and elimination (i.e. CL which is 
different than CL/F). Only intra-subject variability will result in a different elimination and 
distribution characteristics in a given subject. 

Using a similar amount of truncation for a truncated AUC in replacement of the AUCa-id 
for long half-life drugs is an interesting concept which has been debated in the literature 
for some time. The Canadian TPP are suggesting the use of an AUG-96 for drugs 
associated with an elimination half-life of 12 hours or more. The current FDA guidance 
needs to be clearer in terms of their cutoff for the elimination half-life, and in terms of the 
minimum amount of time necessary for the truncated AUC to be robustly indicative of the 
AU&-id. A truncated AUCO-48 or AU&-72 appears to be suggested. 
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Comment No. 13 

APPENDIX 2: General Pharmacokinetic Study Design 

Subjects with predose plasma concentrations: 

The actual guidance mentions that: 

If the predose concentration is less than or equal to 5 percent of Cmax value in that 
subject, the subject’s data can be included in allpharmacokinetic measurements and 
calculations. If the predose value is greater than 5 percent ?f Cmax, the subject should 
be droppedfiom all BE study evaluations. 

., 
Comments: 

Predose concentrations can be due to several factors. Possible causes are: 

1) An analytical interference. 

2) A drug that is an endogenous substance is administered. Two different 
situations may arise. A) The endogenous release of the drug is not affected. B) 
The endogenous release of the drug is affected by negative feedback. 

3) The subject was already taking the drug before the beginning of the 
study. 

4) 
Obviously the guidance^~~~~~~spe~rj;‘~~~~‘these recommendations do 

not apply to multiple dose studies. 

All of these situations have to be dealt in a different and specified manner. 
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OVERALL ASSESSMENT OF THE GUIDANCE entitled “Average, Population, and 
Individual approaches to establishing bioequivalence”. 

” 

V. Study design 

A. Experimental Design 

l The proposed replicated crossover design with four periods and two sequences TRTR, 
RTRT is an efficient design when a “standard” bioequivalence study is performed 
where no carryover of the drugs can be expected from the previous period. However, 
the following design RTTR, TRRT is more efficient than the one proposed in the draft 
guidance in the presence of carryover and as efficient as the one proposed under no 
carryover assumptions. Therefore, the use of RTTR and TRRT’ as sequences for 
replicated designs should be favored. 

l A three-period, Z-sequence design (semi-replicated design) to show bioequivalence 
using the proposed IBE metric is not appropriate2. Individual criterion is based on the 
comparison of an expected squared distance between T and R formulations 
{administered to the same subject) to the expected distance between two 
administrations of R formulation (two administrations of R to the same subject). In a 
semi-replicated design, these expected squared distances are not defined for every 
subject in every sequence. Moreover, the method described in Appendix H to derive 
the upper limit for the IBE metric is only applicable for a four-period design with equal 
replication of T and R in each of s sequences. This method cannot be adapted to a 3- 
period, 2 sequence semi-replicated design. 

B. Study Population 

Please see additional comments on page 3 regarding this topic. 

. 
0 The use of an heterogeneous sample will modify the statistical model used to perform 

the ANOVA. Main factors such as gender, race, age, etc. might be introduced into the . 
model along with some interesting interactions such as formulation*race, 
formulation*gender, etc. 

If none of these interactions are statistically or clinically relevant, then the analysis 
will be quite straightforward and the principal advantage of includirrg the main 
factorswill be to get better (smaller) estimates of the between-subject variances 
for the T and R formulations. 

However, if some interactions are clinically relevant, bioequivalence will be 
difficult to demonstrate. If bioequivalence (using ABE, IBE or PBE) has to be 
demonstrated inside each relevant subgroup, the power might be dramatically 
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decreased. Sample size evaluation will have to be adjusted for this possibility. 
Can bioequivalence be demonstrated in pooling the subgroups (in ignoring the 
significant interactions)? The variance due to a lack of switchability (o*n) will be 
increased and will affect all three criteria (ABE, IBE and PBE), but at different 
degrees. 

It is quite possible to have instances where the analysis by subgroup shows 
bioequivalence using IBE in every subgroup (given sufficient power) and the 
analysis where subgroups are pooled shows non-bioequivalence using IBE. 
Knowing that some interactions are observed for some subgroups, should 
bioequivalence be shown within every subgroup or the whole sample pooled 
together? 

C. Sample size and dropouts 

l The draft guidance stipulates that “The number of subjects for BE studies based on 
either PBE or IBE should be estimated by simulation, because analytical approaches 
for estimation are not available” and gives some samples size calculations based on 
simulated data in Appendix C. 

A formula for sample size calculation based on a F distribution and the weighted 
version of the FDA metric proposed by Kimanani and Potvin3 can easily be 
derived. Based on this formula for both the unweighted (FDA) and the weighted 
IBE metric, consistent results were obtained. These results are somewhat in 
contradictions with what is presented in Appendix C for the estimated 
recommended numbers of subjects for IBE. Sample size estimations based on a F 
distribution decreases with increasing within-subject variance (see Tables 1 and 2 
of appendix 1) while the contrary is observed with the procedure presented in 
Appendix C 

l Replacement of subjects during the study would not complicate the statistical model 
and the analysis if they are dosed at the same time and if they were randomized 
appropriately, The model and the analysis should remain the same in this case. The 
complication due to a potential group effect comes into play when the subjects are 
divided into groups and dosed at different times, or similarly if additional subjects are 
later dosed to increase the power of the study. Given that replacement of subjects are 
to be used and specified in the protocol, a different issue often raises: “should we 
replace subjects who completed, say, 2 out of 3 periods with replacement subjects who 
completed all 3 periods”. It is generally accepted that replacement of subjects who 
completed the study over the original subjects who did not, bias our results, even if a 
balance in terms of sequence and period is maintained. 
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VI. B. 1. b. Statistical analysis, Data Analysis, Average bioequivalence, Replicated 
crossover designs 

“Linear mixed-effects model procedures, available in PROC MIXED should be used for 
the analysis of replicated crossover studies for average BE.” 

l When the design is balanced on period (i.e. no missing observations toward period), 
PROC GLM along with Least squares estimations (or equivalently Methods of 
Moments) can also be used with a model including period, formulation and sequence 
as fixed effects and subject nested in sequence and formulation*subject nested in 
sequence as random effects; the latter term might be removed if not significant. 

“Appendix E includes an example of SAS program statements” 

0 The proposed SAS program was tested on a data set where no subject*form 
interaction was observed (02n=O). Type=UN, type=CSH and the GLM approach were 
used. 

The three structures in PROC MIXED gave the following note in the SAS log: 
“Estimate G matrix is not positive definite”, suggesting that the variance component 
should be reduced. It is reflected in GLM by a non significant subject*form 
interaction. The results using FA0(2), UN, CSH and GL;I/I are presented in appendix 
2. A dramatic change in the denominator degrees of freedom to test the formulation 
effect and also to build the confidence interval is observed, depending on the variance- 
covariance structure. The correct degrees of freedom to use would appear to be 3 1 
but not 99.9 as proposed in FAO(2) or CSH using the Satterthwait correction for 
degrees of freedom. Thus, concerns should be raised when using replicate designs 
about how to model such data appropriately. 

VI. B. 1. d. Statistical analysis, Data Analysis, Average bioequivalence, Parallel 
designs 

l The following statement does not appear valid: “As in the analysis for replicated 

designs, equal variances should not be assumed”. To perform a classical ANOVA, 
one of the assumption is equality of variances. 

The same comment applies for section VI. B. 2. d: “The method for the upper 
confidence bound should be modified ,.. and to allow for unequal variances.” 
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VI. B. 3. Statistical analysis, Data Analysis, Individual bioequivalence 

“ 
. . . . For this purpose, we recommend the MM approach., The restricted maximum 

likelihood (REML) may be useful to estimate mean differences and variances when 
subjects with some missing data are included in the statistical analysis.” 

l The MM approach is recommended for IBE whereas a linear mixed-effects model 
(REML method) is recommended for ABE using replicated crossover studies. Two 
different methods are recommended for the same 4-period, 2-sequence replicated 
design, depending of the criteria used to evaluate bioequivalence. The same method 
should be recommended since the estimations of the different effects in a model are 
not “criteria dependent” but “design dependent”. 

l When using the method of moments (MM), Appendix H gives the methodology to 
derive the confidence interval for a four-period replicated design. However, when 
missing values are present in the dataset, eluding the use of MM, the derivation of a 
confidence interval might be problematic. We are concerned that the methodology 
used in Appendix H will not be acceptable if the estimation of variances are made with 
REML method. This may represent a real problem, because dropouts are expected in 
replicated designs and REML method might elude the use of a parametric confidence 
interval. 

Appendix G, Variance estimation ,__ I’;“.*“V*.“*‘.. ‘yu.>T; ,,., .“(,<A’., * ,, 

“. . . in addition, the MM approaches have not yet been adapted to models that allow 
assessment of carryover effects.” 

0 In Kimanani and Potvin3, the IMM have been adapted using Least squares method 
(LSE) and PROC GLM to derive the estimation of variances. LSE allows the 
assessment of carryover effects. 
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APPENDIX 1 

Table 1. Individual bioequivalence 
Number of subjects+ to achieve a power of 80% with 0~=0.10 

’ 8*j -+ 
c52wpcr2wT p&R= 1.00 p-&.&=1.05 

0.20 42 48 
0.25 36 38 
0.30 32 34 
0.35 32 32 
0.40 30 32 
0.55 30 30 
0.55 28 30 

.I::i. 20.60 28 28 

+Nsuchas: l-,B=P,( 
(A + ‘x7,v,dfer 

B 
1.5 +I 

1 ,,tier where A is the regulatory limit and PAq)“,dfer is the 

probability value of being smaller than the qth quantile of an F distribution with U, dfer degrees of 
freedom as defined in 3. 

++ Weighted version of the FDA metric3 with an adjusted regulatory limit of 1.75 

Table 2. Individual bioequivalence 
Power (%) to conclude BE with oo=O.lO and N=24 

02wR=02wT p&&=1 .oo j.L.T//k=l.O5 
915 f e15 s 011 s 615 f e15 s 011 s 

0.20 58 57 62 53 53 57 
0.30 68 70 71 66 65 68 
0.40 72 71 71 70 72 72 

8 f is the power of the weighted version, calculated using the parametric formula 
n&tioned above (see + Corn the previous table). 

e15 ’ and &I ’ are the estimated power of the weighted and unweighted versions, 
respectively, using 1000 simulations for each parameters combination and a RTTR, TRRT 
4-period 2-sequence replicated crossover design. 
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Appendix 2 

The F+!IXED ?rocedure 

Ciass Level Information 

SUSJ 33 1 2 3 5 6 7 9 9 1': il 12 13 
:s 17 18 19 20 22 23 24 23 26 
28 29 30 31 32 33 34 35 3% X7 
38 

?EizOD "234 
TORM 1 A!3 
SEQUZXCE 2 12 

REML Esrirnation Iteration history 

Iteration Evaluations Cb;ective cr1rerion 

Convergence crireria met. 

_ . G Ya:rlx 

Zffect SL’E~ FORM ROW coil 1CL.z 

F0FJ.M , 1 A 1 0.73275877 0.783?7975 
CO.?3 1 B 2 0.78987975 0.95143349 

_ I _. I i,‘,*:.iii..‘~~'u.~"~ a&i .L1 I. : 
Covariance Yarameter Estimates (WDL; 

Cov Pam Scbfect GZOi13 Sstimace 

FA!1,1) s!laz 3.3563133C 
TA(2,l.j 7 SC"U 0.3227423' 
V'2 21 . . , I SUSJ -C. 3CC3COCC 
3I.% sea; FCRM A ",.1?C883@5 
rJI‘?+G sua - c ?c,m 3 3.1637729? 

Model Fitfin-; Information for LAUCT 

Description Value 

Observations :32.ilcoc 
Res Log iikellhood -115.321 
Akaike's T.nfor?>ation Crii;erion -123.32; 
Schwarz' s Sayesiar. Criterion -130.312 
-2 Res Log L:'<elihood 236.Sdli 
Nllll Yodel 5iJ.T Chi-Square 133.3125 
N-ll !kse: LRT 3c 4 . s: I: 0 '- b 
Sull'ModeL LRT ?-Value 3.2c32 - 

., 

Tests 3f Fixed 3ffects _. . 

;CRM 1 99.9 17.17 0. CCC: 
SEQUENCE 1 28.4 4.05 0.0538 

Tests of Fixed Sffects 
._ 

,' . PILS 22-wov-1999 
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So,xce N"VF DDF Type III F ?r > F 

qcq'on _..,.A i 3 96.7 26.21 0.3co1 

Daramezer Estimaze Std Error DF t ?r > It1 

T-3 3.28571961 0.06E95868 99.9 4.14 0.3931 

ESTIMATE Statement Results 

Aipha Lower Upper 

3.1 0.1712 0.4oc2 
3 

90% CI for Average Bioequivalence LAGCT 

.” _... I RATIO Lower Upper Starcard 
T/R Limit Limit E:r0r 

1.33072 i.18676 i.49214 9.36895865 

The ?lIXED 2roced.aze 

-Class Level Information 

Class Levels Va;Ges 

SUBJ 

PCRiOC 

'ORi? 
SEQUENCE 

33 1 2 3 5 6 7 9 9 12 1: 12 13 

16 17 18 19 20 22 23 74 25 26 

29 29 30 31 32 33 34 35 36 3' 

38 
4 1 2 3 4 

2 4 a 
2 1 2 ir*.a.,l .~:.l',-*f',.~,i-'~.,. -. 

3EML Estimation Iteration, HLstory 

Iteration Evaluations Objec:i.Je 

0 1 138.08181586 

1 2 2.6503739: 

2 1 2.1378077: 

3 : 2.iO561684 

4 1 2.10540016 

5 : 2.10540015 

Convergence cricerla me: 

Effec: SUBS \ FORY ROW CCL? A 

CCRM 1 A 1 0.70971212 
FORM 1 3 2 3.80249749 

PILS 22-NOV-1999 . 

Criterion 

0.34273392 
0.02862402 

0.00020480 

0.00000001 

3.00300000 

COG 

3.80248749 
0.32472050 
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Covariance Parameter Estimates (REML) 

cov Pazl Subject Group Estimate 

UN[1,1) S'JBJ C.?O971212 
.JJN(2,1) SuaJ 0.80248749 
L'N(2,2) SUBJ o.a247205c 
DIAG SUBJ FORX A 0.16359432 
DIAG SUBJ FORM a 0.19004647 

Model Fitting Information for LAUCT 

Description Value 

Observations 
Res Leg Livelihood 
Akaike's Information CriEerlon 
Schwarz'a Bayesian Criterion 
-2 Res Loq Likelihood 
Null Node1 LRT Chi-Square 
Null Model LRT DF 
Null Yodel LRT P-Value 

:32.000~ 
-116. a39 
-121.839 
-128.93C 
233.6779 
i35.9764 

4.3ooc 
o.cooc 

Tests of fixed Effects 

Darameter Estimate Std zrror Dr z ?r > ITI 

T-R 0.28571961 / 3.05677593 31 5.53 c.3031 , -. e:.,i; p",4e&.dCI-.an,.~.: 

ESTIMATE Statement Results 

Alpha Lower Upper 

G.? 0.1895 0.3820 
6 

90% CI for Average Bioequivalence LAUC" 

RATIO Lower Upper Standard 
T/R ,imit Limit Error 

i.33c72 1.20859 1.46519 Cl.05677593 
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The KXEZ procedure 

Class Level IRforxation 

Class Levels '1aiL;es 

SU3,- 33 1 2 3 5 6 7 8 3 10 li 12 13 
16 17 13 19 20 22 23 24 25 26 
28 29 30 31 32 33 34 35 36 37 
38 

PERIOD 4 1 2 3 4 
FORM 2 A3 
SEQUENC? 2 12 

RE,YL Ss+'nraticr. La Iteration Xistcry 

Iteration EvaP~atlons Cbj eceive cr1ter:or. 

0 i 138.38181586 
1 3 44.69932811 89.26:133;5 
2 3 ^_. -: 64284777 ;, 655c3Lp3 
3 1 5.a325991E 0.366456i6 
4 1 5.32132989 c.oa13a;59 
5 5.37905631 O.OC3'1310 
6 i 5.069333C7 0 . 0 0 0.2 Z 3 6 2 
7 1 5.36931119 3. COCCF3CO 

Convergence criteria ner. 

Pffect SuaJ FCRX RCGi ,oL: xJi2 

Observaxions 
. ,. Res Log L;!xe::nooc 

Aka:ke's Infarxati3n Criteriar. 
Schwarz's Bayesiar. Criterion 
-2 Res hog ,i:<elih3co 
Null Mode? LRT Chi-Square 
Null Eodel LX? 3F 
Nui; Mode; LRT P-VaI;e 

L32.30SC 
-118.321 
-123.321 
-i30.412 
236 64i,3 
133:0125 

4. COOC 
s.3ooc 
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Tests of Fixed Effects 

NDF DDF Type III F 3r z F 

1 99.9 17.17 o.oco1 
1 28.4 4.35 0.0533 
3 96.': 26.21 :J ,z 0 '; 1 

?arazeter 

T-R 

ESTI?IATE Stace!?.e?.T Resuixs 

zstimate S'd Erzor I_ 2F t Pr > Z' 

';.2857i961 0.36895868 99.9 4.14 O.ZL‘,‘i 

ESTIMATE Staternent Results 

Aipha Lower upper 

0.1 0.1712 0.4002 
9 

SEQXNCZ 2 

?ERICZ 4 ; 2 3 4 

sua u - 33 I. 2 3 5 6 7 8 9 10 11 i2 13 16 17 13 19 20 22 23 24 
25 26 28 29 30 31 32 33 34 35 36 3' 38 

FORM 2‘ A!3 

General Linear Models Drocedu:e 

Depeker.: Variabie: LWCT 
SUIT cf 

source D' Squares 

?4cde 1 67 :34.450:23 

zrrcr 64 1:.313663 

ccrzected Tctal 131 145.763'96 

R-Square C.V. 

3.922384 743.8930 

;n data set = 13 

DF Type I 35 

1 i3.429426 

aooz !-SE 

0.42045 

Mean Sq-are 

13.429426 

LAiiCT :.:e an 

0.,5652 
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PERICD 3 12.231508 4.077169 23.06 0.3001 
FORM 1 2.6915C4 2.691504 i5.23 0.3co2 
SU3J!SEQ,zxE! 31 102.833068 3.3’6228 .L 18.76 0.0031 
SLT3j’TCx”j ! s3&z!Jcs: 31 3. 2946LO D.1C6278 0.60 0.9339 

SEglE:NCZ i 13.429426 13.420426 75. "7 0.3COi 
PERIOD 2 12.303271 6.3C1636 33.95 0.3ooi 
FCRM 1 2.691504 2.69104 15.23 G.GC32 
su3~:szQvsYJcE) 31 ;02.60306a 3.3; - 622a v 18.76 0. COG1 
sLB;- FCpJ ..\-.- 1 WQ”ENC6! 31 3.2945;9 0.126278 3.60 0.9339 

General Lizear Motels ?roced-re 
Least Squares 3ear.s 

StaRdark Srzors ar.d ?robabilizies caiciilaxed islng the TvDe ZII MS for _. 
SUaJ*FORM(S~Q'JENCE: as an Error '-err? 

FORM LALC? >r > ;TI '30: 
LSMEAN iSMEAN:=I.SMEANi 

A 0.20904968 0.20c: 
B -0.07666993 

General ;i.?ear Models Procecore 

Seneral L.12ear ?lodels ?zccedure 
Tests 3f Yypotheses for Yixed Yodel ‘Analysis cf Varlar.ce 

Depercenz _ Va-iable: LA'LJCT 

3: Type III llS 
1 13.429425963 

Source: ?5?iI3D 
Error: 41S'Error) 

DF TiyP" III MS 
2 6.3316356653 

9.F 
31 

Dencmi%ator 
3F 
64 

Densninator 
YS 

3.31622799C2 
F Value 

4 :0496 
Pr > F 
0.0529 
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source: FORM 
error: Hs:sT;BY"FCR41!sKQUEIU'C~:) 

Denominator 
3F Type ITI !"?s !?F 

1 2.69150414 31 

SCUXCe : S'UKJ ( SEQU3CE) 
~rroq: MS(SL'~J*FORM(SEQ~‘ENCZ;~ 

3eno!xnator 
IF ;ype III x's !lF 
3i 3.3162279902 3; 

so,irce: sx;'B;w FOTc". ( s;.QUy)JC~) 
i‘rrOZ: M.s:~:rror~ 

Dencminaror 
DF Type III 41s CF 
31 0.1062780341 64 

Denominatoz 
MS F Value 

0.1767759443 0.6012 

?r > F 
3.OCrJi 

3; > F 
0.9389 

00% Ci for Average Bicequivalence LAUCT 

RATIO Lower :ipper Stancard 
T/R LlrnlX Limit Error Pctier % C‘/ 3 0 

1.33372 1.20859 1.46519 :."567:b 96.5991 43.3'31 
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